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Dispersal influences genetic and acoustic spatial structure for 
both males and females in a tropical songbird



















































with	 natal	 dispersal	 distance.	 Our	 results	 reveal	 cultural	 differences	 between	 the	
sexes,	suggesting	a	relationship	between	culture	and	sex-	biased	dispersal.
K E Y W O R D S
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1  | INTRODUCTION
Animals	exhibit	diverse	dispersal	strategies	that	influence	their	ecol-




in	 birds	 and	mammals;	 females	 usually	 disperse	 farther	 than	males	
in	birds,	whereas	the	reverse	is	true	for	mammals	(Clarke,	Sæther,	&	
Roskaft,	 1997;	Greenwood,	 1980;	Wolff,	 1994).	Dispersal	 is	 a	 criti-










Tyack,	 Stoeger-	Horwath,	 &	 Watwood,	 2005;	 Sanvito,	 Galimberti,	



















is	 uncommon	 in	 North	Temperate	 ecosystems	 (but	 see	 Garamszegi	
et	al.,	2007),	but	it	is	widespread	in	the	tropics	(Slater	&	Mann,	2004).	
Female	 song	 is	 understood	 to	be	 the	 ancestral	 trait	 in	Oscine	birds	
(Odom,	Hall,	Riebel,	Omland,	&	Langmore,	2014).	Systems	where	both	
sexes	 sing	 are	 ideal	 for	 between-	sex	 vocal	 comparisons,	 especially	
for	 learned	 traits	 like	bird	song,	because	dispersal	 to	novel	environ-
ments	can	affect	the	transmission	and	hence	variation	of	these	signals	
(Pavlova	et	al.,	2012).	Current	models	examining	the	relationship	be-
tween	dispersal	 and	 acoustic	variation	have	 focused	 solely	on	male	
birds	(Ellers	&	Slabbekoorn,	2003).	Given	that	female	songbirds	often	
disperse	further	from	natal	territories	than	males	do,	they	may	exhibit	




In	 this	 study,	 we	 examine	 dispersal,	 spatial	 genetic	 structure,	
and	 spatial	 acoustic	 structure	 in	male	and	 female	Rufous-	and-	white	
Wrens	 (Thryophilus rufalbus),	 resident	 songbirds	 found	 in	 Central	
America	 and	 northern	 South	 America.	 In	 this	 species,	 both	 sexes	
possess	 song	 repertoires	 (males:	 11.4	±	0.3,	 range	=	8–15;	 females:	
8.5	±	0.7,	 range	=	4–11),	 although	 males	 have	 significantly	 larger	
repertoires	 than	 females	 (Harris,	Wilson,	 Graham,	 &	Mennill,	 2016;	
Mennill	&	Vehrencamp,	2005).	Males	and	females	use	the	same	vocal	
repertoire	 to	 produce	 solo	 songs	 or	 songs	 that	 are	 part	 of	 coordi-






ily	 from	other	males,	 and	 that	 females	 learn	 from	other	 females,	 as	
suggested	in	other	species	(Mennill	&	Rogers,	2006).	Juvenile	Rufous-	
and-	white	Wrens	 appear	 to	 continue	 to	 learn	 songs	 following	natal	
dispersal,	further	allowing	us	to	study	the	role	between	dispersal	and	
song	variation	(Graham,	2016).
To	 study	 the	 interplay	between	dispersal	 and	 acoustic	variation,	
we	sought	to	answer	three	questions	in	this	study.	(1)	Is	dispersal	sex-	
biased	in	this	species?	To	answer	this	question,	we	quantify	both	natal	
dispersal	 distance	 (i.e.,	 the	 movement	 of	 young	 animals	 from	 their	





(2)	 Does	 natal	 dispersal	 or	 breeding	 dispersal	 shape	 genetic	 and	
acoustic	spatial	structure?	To	answer	this	question,	we	compare	natal	
dispersal	distances	with	breeding	dispersal	distances	to	quantify	and	







1980),	 our	 study	 system	offers	 a	 compelling	opportunity	 to	explore	
the	role	of	dispersal	on	acoustic	variation,	allowing	us	to	extend	upon	





examine	spatial	genetic	 structure	and	spatial	acoustic	 structure	 (i.e.,	
population-	wide	patterns	of	 song	sharing)	 for	both	sexes.	 If	animals	
show	 little	 or	 no	 dispersal,	 then	we	 predicted	 individuals	would	 be	
more	 closely	 related	 to	 neighbors	 than	 non-	neighbors,	 and	 that	 in-
dividuals	would	exhibit	greater	rates	of	song	sharing	with	neighbors	
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than	non-	neighbors.	 If,	however,	one	or	both	sexes	disperse	greater	
















tured	 birds	 using	mist	 nets	 and	 banded	 each	 animal	with	 a	 unique	

























Over	 the	 11	years	 of	 this	 study,	we	 banded	 230	 nestlings,	 and	
we	used	recapture/re-	sight	data	to	identify	natal	dispersal	events.	In	
total,	we	re-	sighted	21	individuals	(9.1%	of	all	banded	juveniles).	Nest	







Santa	 Rosa	 and	 nearby	 populations	 (Graham,	 2016),	 and	 therefore,	
some	of	the	banded	nestlings	may	have	dispersed	outside	of	the	study	
population.
Additional	 pairs	 of	 parent–offspring	 dyads	 may	 exist	 in	 our	
study	population,	 even	when	 the	offspring	were	not	banded.	This	
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We	 quantified	 natal	 dispersal	 and	 breeding	 dispersal	 using	 two	







We	 compared	 differences	 in	 natal	 and	 breeding	 dispersal	 dis-
tances	between	sexes	using	generalized	linear	models	(GLMM)	with	










or	adult	 females	were	more	 likely	 to	exhibit	breeding	dispersal.	For	
this	analysis,	we	compared	the	number	of	male	dispersers	and	non-	






isting	microsatellite	primer	sets	ThPl 14,	ThPl 20,	ThPl 30	(Brar	et	al.,	
2007),	RWWR 2c	(H.	Mays,	personal	communication),	and	six	new	mi-
crosatellite	primer	sets	(Tru 08,	Tru 11,	Tru 18,	Tru 20,	Tru 24,	Tru 25).	
We	developed	the	new	microsatellites	primer	sets	using	a	modified	
method	of	the	Fischer	and	Bachman	(1998)	microsatellite	enrichment	





the	 primer	 sets	Tru 08,	Tru 11,	Tru 18,	Tru 20,	Tru 24,	Tru 25,	 and	
RWWR 2c,	PCR	cocktails	 included	1	μmol/L	each	of	an	M13	 tailed-	
forward	primer,	reverse	primer,	and	a	5′	IR-	dye-	labeled	M13	primer	




remaining	 primer	 sets	 used	 the	 following	 amplification	 profiles	 one	
cycle	of	94.0°C	for	2	min,	followed	by	34	cycles	of	94.0°C	for	10	s,	
50.0°C	for	10	s,	72.0°C	for	30	s,	followed	by	a	final	extension	cycle	








low	 to	 high	 variability	 (mean	 allelic	 richness	=	7.57	±	1.29).	 Mean	
observed	heterozygosity	was	0.59	±	0.08,	while	the	mean	expected	
heterozygosity	was	0.66	±	0.09	across	all	10	 loci.	Two	loci	 (ThPl 14 
and	 ThPl 30)	 showed	 significant	 deviations	 from	 Hardy–Weinberg	
equilibrium	 (p	<	.001),	 and	 two	 of	 45	 pairwise	 locus	 combinations	
showed	evidence	of	linkage	disequilibrium	following	corrections	for	
multiple	 comparisons	 (p	<	.001).	 Deviations	 from	Hardy–Weinberg	
equilibrium	could	be	 indicative	of	null	alleles;	however,	we	used	all	
10	 loci	 and	accounted	 for	potential	null	 alleles	 in	our	analysis	 (see	
below).
We	 calculated	 relatedness	 between	 individuals	 using	 software	





of	 relatedness	 between	 individuals.	The	program	 classifies	 individu-
als	 into	 four	different	 relationship	 categories:	 parent–offspring,	 full-	
siblings,	half-	siblings,	and	unrelated.	Given	the	goals	of	our	study,	we	
focused	exclusively	on	identifying	parent–offspring	relationships.	Null	
alleles	 can	pose	 a	problem	 in	parentage	 analysis	 and	potentially	 re-
sult	in	false	parentage	exclusions	(Dakin	&	Avise,	2004),	and	therefore,	
we	 tested	 for	heterozygosity	deficiency	using	 the	Monte	Carlo	 ran-
domization	test	available	in	ML-	Relate	(Guo	&	Thompson,	1992).	The	









or	 full-	sibling).	 For	 this	 analysis,	 we	 compared	 all	 parent–offspring	
relationships	 against	 full-	sibling	 relationships,	 given	 that	 full-	sibling	
relationships	 are	most	 likely	 to	be	misidentified	 as	parent–offspring	
relationships	 (Woltmann,	Sherry,	&	Kreiser,	2012).	We	tested	all	pu-
tative	parent–offspring	relationships	by	simulating	10,000	genotypes	



























April	 through	 July	 of	 each	 year	 of	 the	 study,	 a	 time	 of	 year	when	
vocal	output	is	high	for	this	species	(Topp	&	Mennill,	2008).	We	re-
corded	each	individual	on	at	least	two	separate	occasions.	The	major-





















following	 the	 approach	 outlined	 in	 Harris	 et	al.	 (2016).	 Previous	
work	 by	 Barker	 (2008)	 has	 shown	 that	 discriminant	 analysis	 can	
differentiate	 song	 types	 based	 on	 fine-	structural	 measurements	













males	 (Mennill	 &	Vehrencamp,	 2005).	To	measure	 song	 sharing,	we	




ertoire	but	not	 individual	A’s,	c =	the	number	of	song	 types	shared	
between	the	two	individuals,	and	d =	the	difference	in	repertoire	size	
between	individual	A	and	B.	We	chose	this	coefficient	because	it	ac-
counts	 for	 differences	 in	 repertoire	 size	 (d)	 and	birds	 in	our	popu-
lation	showed	considerable	variation	in	repertoire	size	(Harris	et	al.,	
2016).





space.	 Previous	 work	 has	 shown	 that	 spatial	 autocorrelation	 is	 ro-
bust	and	capable	of	detecting	patterns	of	sex-	biased	dispersal	even	
when	there	are	subtle	differences	in	dispersal	between	sexes	(Banks	
&	 Peakall,	 2012).	 Unlike	 other	 spatial	 analyses	 (e.g.,	 Mantel	 tests)	






value	 is	 similar	 to	distances	used	 in	other	 spatial	 genetic	 studies	of	
nonmigratory	bird	populations	 (e.g.,	 Liebgold,	Gerlach,	&	Ketterson,	
2013).	Distance	 classes	were	 combined	 into	 four	 separate	 distance	
classes	 for	our	 analysis	 (1,	2,	3,	 and	6	km).	We	combined	all	 of	 the	
farthest	distances	into	a	single	distance	class	6	km,	following	the	ap-
proach	 of	 Liebgold	 et	al.	 (2013),	 because	we	 had	 fewer	 samples	 at	
Sj= c∕((a+b+c)−d)
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>3	km,	and	combining	them	together	gave	us	a	larger	sample	size	that	
was	 comparative	 to	 the	 sample	 sizes	 for	our	 closest	 three	distance	
classes.
For	each	distance	class,	GenAlEx	calculates	a	 coefficient	of	 cor-















sets	 from	 multiple	 populations	 (in	 this	 case,	 males	 and	 females)	
to	 produce	 a	 single	 correlogram	 that	 depicts	 the	 common	 spatial	
pattern	across	all	populations.	We	generated	separate	genetic	and	
geographic	 pairwise	 matrices	 for	 each	 sex;	we	 used	 straight-	line	
distance	 (km)	 between	 individuals	 as	 our	 measurement	 of	 geo-
graphic	 distance,	 and	Nei’s	 genetic	 distance	 as	 our	measurement	
of	 genetic	 distance.	We	 chose	 to	 analyze	 together	 all	 individuals	
genotyped	across	the	11	years	(123	males	and	90	females),	rather	







ran	 the	analysis	 for	999	permutations,	 following	 the	protocol	de-
scribed	 by	 Peakall	 et	al.	 (2003).	We	 used	 a	 test	 of	 heterogeneity	
(Smouse,	Peakall,	&	Gonzales,	2008)	to	determine	whether	spatial	
genetic	 structure	 existed	 within	 each	 sex	 and	 overall	 (i.e.,	 both	
sexes	 combined).	 This	 analysis	 uses	 an	 omega	 test	 (ω)	 to	 deter-
mine	whether	the	correlogram	exhibits	significant	spatial	structure	
against	the	null	hypothesis	of	no	spatial	genetic	structure.	We	also	
compared	 spatial	 genetic	 structure	 between	 sexes	 to	 determine	




hypothesis	 of	 no	 difference	 in	 spatial	 genetic	 structure	 between	





















employed	 spatial	 autocorrelation	 techniques	 in	GenAlEx	 to	 analyze	
ecological	and	acoustic	data	(Pavlova	et	al.,	2012;	Peakall	et	al.,	2003),	
demonstrating	the	suitability	of	this	technique.	To	generate	a	pairwise	





2.7 | Natal dispersal and song-sharing analyses
We	analyzed	the	relationship	between	song	sharing	and	natal	disper-
sal	distance.	Using	all	of	the	individuals	identified	as	natal	dispersers,	
we	 calculated	 the	 song	 sharing	 coefficient	 between	 all	 father–son	
pairs,	and	all	mother–daughter	pairs.	For	this	analysis,	we	ran	a	mul-







separately.	 For	 both	 analyses,	 we	 used	 the	 log-	transformed	 natal	







Using	 both	 recapture/re-	sight	 data	 and	 genetic	 analysis	 to	 identify	
parent–offspring	 dyads,	 we	 identified	 26	 natal	 dispersal	 events	 by	
male	(n	=	11)	and	female	(n	=	15)	Rufous-	and-	white	Wrens	(21	disper-
sal	events	identified	through	recapture/re-	sight	data,	and	18	dispersal	
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events	 identified	using	microsatellite	genotyping,	13	of	which	were	
also	 identified	 through	 capture/re-	sight	 data).	 Our	 combined	
analysis	 of	 both	 sexes	 revealed	 that	 males	 and	 females	 dispersed	
1,234	±	257	m	between	their	natal	 territory	and	 their	 first	breeding	
territory.	 This	 distance	was	 equivalent	 to	 a	movement	 of	 7.2	±	1.5	
territories	 from	 their	 natal	 territories.	 Between-	sex	 comparisons	
suggest	that	natal	dispersal	 is	female-	biased	(Fig.	2a);	dispersal	from	
natal	territories	was	significantly	greater	in	females	for	both	straight-	
line	 distance	 (females,	 1,644	±	397	m,	 range	=	121–4,561	m;	males,	




Over	 the	 11	years	 of	 our	 study,	 we	 observed	 30	 breeding	 dis-
persal	 events,	 with	 females	 dispersing	 from	 one	 breeding	 territory	
to	another	more	often	than	males	 (17	of	103	females	and	7	of	134	
males	 dispersed	 from	 one	 breeding	 territory	 to	 another;	 χ2	=	8.14,	
p	=	.005).	 Five	 individuals	 dispersed	 from	 breeding	 territories	 more	
than	once:	two	females	dispersed	into	a	neighboring	territory	on	two	
separate	occasions,	 a	 third	 female	dispersed	 from	her	breeding	 ter-
ritory	 on	 three	 separate	 occasions,	while	 two	males	 dispersed	 into	
a	 neighboring	 breeding	 territory,	 but	 eventually	 returned	 to	 their	
original	 territory.	 Breeding	 dispersal	 distance	 estimates	 reveal	 that	
these	 movements	 were	 mostly	 local:	 Breeding	 males	 and	 females	
dispersed	 only	 388	±	83	m	 or	 2.2	±	0.5	 territories	 (Fig.	2b).	We	 ob-
served	a	nonsignificant	tendency	for	the	difference	between	sexes	in	
straight-	line	breeding	dispersal	distance	(females,	310	±	73	m,	range,	
100–1,379	m;	 males,	 572	±	214	m,	 range,	 100–2,200	m;	 GLMM:	
0.61	±	0.59,	z = 1.04,	p	=	.30)	and	a	nonsignificant	difference	for	the	
number	 of	 territories	 that	 an	 individual	 dispersed	 across	 (females,	














Rufous-	and-	white	Wrens	 exhibited	 significant	 spatial	 genetic	 struc-
ture	 (ω	=	31.81,	 p	=	.001;	 Fig.	3a;	 Table	1);	 individuals	 were	 more	
closely	 related	 to	 individuals	 at	 the	 closest	 distance	 class	 (1	km,	
r = .007,	p	=	.001),	but	were	less	closely	related	to	individuals	at	the	
two	 intermediate	 distance	 classes	 (2	km,	 r = −.006,	 p	=	.049;	 3	km,	
r = −.006,	p	=	.005).	Males	and	females	exhibited	contrasting	patterns	
of	spatial	genetic	structure,	and	although	these	differences	were	not	
significant	 overall	 or	 between	 distance	 classes	 (ω	=	3.96,	 p	=	.431;	
t2	=	0.09–1.86,	p	>	.17),	our	results	 indicate	that	dispersal	 is	female-	
biased	and	that	males	exhibit	greater	philopatry.	While	spatial	genetic	





closely	 related	 at	 the	 closest	distance	 class	 (1	km,	 r = .01,	p	=	.002),	
and	were	less	closely	related	at	the	next	two	distance	classes	(2	km,	
r = −.006,	p	=	.018;	3	km,	r = −.006,	p	=	.018).
3.3 | Spatial acoustic structure
Rufous-	and-	white	Wrens	exhibited	significant	spatial	acoustic	struc-




lyzed	separately,	males	and	 females	 showed	similar	patterns	of	 sig-
nificant	spatial	acoustic	structure	(males,	ω	=	43.13,	p	=	.001,	Fig.	4b;	
females,	 ω	=	31.78,	 p	=	.001,	 Fig.	4c),	 but	 spatial	 acoustic	 structure	
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was	significantly	different	between	sexes	(ω	=	18.58,	p	=	.001).	Males	
exhibited	greater	song	sharing	than	females	at	the	closet	distance	class	
(1	km,	males,	r = .058,	p	=	.001;	females,	r = .013,	p	=	.001;	t2	=	28.99,	
p	=	.001),	 but	 shared	 fewer	 songs	 than	 females	 at	 the	 two	 furthest	
distance	classes	 (3	km,	males,	r = −.032,	p	=	.002;	females,	r = −.015,	





























































































































































































































































































































































































































































































































































































































































































































































































































































































































     |  9GRAHAM et Al.
3.4 | Song sharing and natal dispersal distance
Using	 adjusted	 Jaccard’s	 coefficients	 of	 song	 sharing,	 we	 found	
that	 song	 sharing	between	 sons	 and	 fathers	was	0.59	±	0.05,	while	
song	 sharing	 between	daughters	 and	mothers	was	0.32	±	0.05.	 For	




with	 the	parent	of	 the	same	sex	 (parameter	estimate:	−0.25	±	0.07,	
t	=	−3.46,	p	=	.003),	 and	not	dispersal	distance	 (parameter	estimate:	
−0.09	±	0.08,	t	=	−1.13,	p	=	.27).	When	we	analyzed	sexes	separately,	







We	combined	 field	observation	data	 and	molecular	 genetic	 data	 to	
quantify	 dispersal	 distances	 and	 dispersal	 patterns	 in	 a	 long-	term	
study	of	Rufous-	and-	white	Wrens.	Our	analysis	of	natal	dispersal	dis-
tance	and	spatial	genetic	structure	 indicate	that	dispersal	 is	 female-	
biased	 in	 this	 tropical	 songbird.	This	 result	matches	 the	widespread	
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Many	 tropical	 species	 occupy	 territories	 throughout	 the	 year	
(Greenberg	 &	 Gradwohl,	 1986,	 1997;	 Morton,	 Derrickson,	 &	
Stutchbury,	 2000;	 Tobias,	 Gamarra-	Toledo,	 García-	Olaechea,	
Pulgarín,	&	 Seddon,	 2011),	 demonstrate	 high	 local	 recruitment	 (Gill	
&	Stutchbury,	2006;	Woltmann	et	al.,	2012),	and	are	thereby	thought	
to	 exhibit	 limited	 dispersal	 (Moore,	 Robinson,	 Lovette,	&	Robinson,	
2008;	 but	 see	 Van	 Houtan,	 Pimm,	 Halley,	 Bierregaard,	 &	 Lovejoy,	
2007).	Although	sex-	biased	dispersal	has	been	more	commonly	stud-
ied	 in	temperate	species	 (Clarke	et	al.,	1997;	Greenwood	&	Harvey,	
1980;	 Liebgold	 et	al.,	 2013),	 our	 study	 adds	 to	 the	 body	 of	 work	
that	has	demonstrated	sex-	biased	dispersal	in	tropical	species	(Berg,	
Eadie,	 Langen,	&	Russell,	 2009;	Pavlova	et	al.,	 2012;	Ribeiro,	 Lloyd,	



















Similar	 to	 other	 nonmigratory	 bird	 species,	 in	 both	 the	 North	
Temperate	 Zone	 and	 the	 Tropics,	 we	 detected	 stronger	 spatial	 ge-
netic	 structure	 for	 males	 than	 females	 in	 Rufous-	and-	white	Wrens	
(Liebgold	 et	al.,	 2013;	 Ribeiro	 et	al.,	 2012;	 Sankamethawee	 et	al.,	








long-	term	 patterns	 may	 indicate	 female-	biased	 dispersal,	 dispersal	
patterns	may	 show	 no	 bias	 or	 even	male	 bias	 in	 some	 years	 (as	 in	
Eikenaar,	Brouwer,	Komdeur,	&	Richardson,	2010;	Richardson,	Ewen,	
Armstrong,	&	Hauber,	2010;	Liebgold	et	al.,	2013).




(Mennill	 &	 Vehrencamp,	 2005).	 Generally,	 studies	 of	 duetting	 spe-
cies	have	shown	that	males	exhibit	higher	song	sharing	and	syllable	
sharing	than	females	(Brown	&	Farabaugh,	1997;	Hall,	Rittenbach,	&	
Vehrencamp,	 2015;	 Mennill	 &	 Vehrencamp,	 2005),	 although	 there	
are	exceptions	 (e.g.,	Colombelli-	Négrel,	2016).	Differences	between	




&	 Seddon,	 2014;	 Pavlova	 et	al.,	 2013).	 Intersexual	 and	 intrasexual	
selections	are	also	proposed	drivers	of	acoustic	divergence	(Ellers	&	
Slabbekoorn,	 2003).	While	 these	 factors	 may	 contribute	 to	 spatial	
acoustic	patterns,	 it	 appears	 that	dispersal	 is	also	an	 important	 fac-
tor	in	driving	acoustic	variation.	In	Rufous-	and-	white	Wrens,	disper-
sal	 is	 limited	 in	males,	and	males	exhibit	greater	neighbor–neighbor	
song	sharing	than	females,	as	well	as	more	spatial	genetic	structure.	
Females,	by	comparison,	disperse	greater	distances	and	exhibit	lower	















ship	with	 natal	 dispersal	 distance.	These	 results	 suggest	 that	males	
learn	songs	postdispersal	and	primarily	from	breeding	territorial	neigh-
bors	(Payne,	Thompson,	Fiala,	&	Sweany,	1981;	Wright,	Rodriguez,	&	
Fleischer,	 2005).	 In	 contrast,	 female	 song-	learning	 patterns	 are	 less	
clear,	although	spatial	patterns	of	acoustic	structure	suggest	that	rep-
ertoires	are	more	similar	between	neighbors,	consistent	with	the	idea	
that	similar	patterns	of	postdispersal	 learning	may	apply	 to	 females.	
The	 lower	 rates	 of	 song	 sharing	 and	 the	weaker	 patterns	 of	 spatial	
acoustic	 structure	we	observed	 for	 females	may	be	a	by-	product	of	
dispersal	 differences	 between	 sexes.	 For	 example,	 males	 appear	 to	
move	to	the	nearest	available	breeding	territory	and	are	thereby	ex-
posed	to	a	limited	number	of	potential	song	tutors	(on	average	males	





























&	 MacDougall-	Shackleton,	 2008).	 Although	 song-	type	 matching	 is	
well	 known	 in	males,	 there	are	 fewer	examples	of	 it	 in	 females	 (see	
Marshall-	Ball,	 Mann,	 &	 Slater,	 2006;	 Marshall-	Ball	 &	 Slater,	 2004).	
Similar	to	male	song,	female	song	is	a	multifunctional	signal,	and	even	





coordinating	 breeding	 activities	 (i.e.,	 nest	 building;	 Hall	 et	al.,	 2015;	
Mays	 et	al.,	 2006;	 Mennill	 &	 Vehrencamp,	 2008;	 Templeton,	 Ríos-	
chelén,	Quirós-	guerrero,	Mann,	&	 Slater,	 2013).	 In	 duetting	 species,	
repertoires	may	serve	additional	functions,	including	territory	defense	











sexes	 (Beecher	 &	 Brenowitz,	 2005).	 For	 example,	 neuroanatomical	
studies	 have	 demonstrated	 that	 the	 song-	control	 regions	 of	 male	
songbirds	are	larger	than	the	song-	control	regions	of	female	songbirds,	
and	that	differences	in	song	output	are	related	to	the	volume	of	the	













a	 tropical	 songbird	where	both	 sexes	 sing.	We	 found	 a	 strong	 cor-
relation	between	the	level	of	song	sharing	between	fathers	and	sons	
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